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INTRODUCTION
The commercialisation of scientific and technological knowledge produced in public research organisations (PROs) such as universities, laboratories and research centres is considered by policy makers to have a fundamental role in wealth creation and regional economic growth (Ndonzuau et al., 2002; Mustar el al., 2008; Wright et al., 2007) . In addition to the traditional licensing of technology, special attention has been given to the role played by the creation of new firms that further develop and/or take to the market technology and knowledge generated by PROs -the so-called academic or research-based spin-offs -RBSOs (Bathelt et al., 2010; Djokovic and Souitaris, 2008; Mustar et al., 2006; Rothaermel el al., 2007) .
RBSOs have become an important subject of study, both due to their crucial role as technology transfer mechanisms and to their economic impact, not only on the parent university but also on regional and national economic development (Fini et al., 2011; Mustar et al., 2006; O´Shea et al., 2008; Wright et al., 2007) . In fact, according to the Association of University Technology Managers (AUTM 2001) , between 1980 and 1999, RBSOs from American academic institutions have contributed 280,000 jobs to the US economy and $33.5 billion in economic value-added activity (Shane, 2004) .
In the case of Europe, the "spin-off phenomenon" takes place mainly from the late 1990s, when we see an increase in the creation of spin-offs from higher education and public research organisations, subsequently generically denoted as "universities" (van Looy et al., 2011; Wright et al., 2007) . This trend reflects the adoption, by several European countries (including Portugal), of regulatory frameworks that define the conditions and terms under which universities can maximize the value of their knowledge/research through the regulation of intellectual property rights, similar to what occurred in the U.S. with the Bayh-Dole Act (OECD, 2003; van Looy et al., 2011) . The consolidation of the entrepreneurial mission of universities in Europe is directly related to an increase of institutional pressure on universities to commercialize research through licensing and/or RBSO, with the professionalization of technology transfer offices (TTOs) at the universities and the availability of public funds to support entrepreneurial activities (Claryssse et al., 2011; Mustar et al., 2008; Wright et al., 2007) .
Given the increase of spin-off activity, the analysis of the determinants for the creation of the RBSOs became one of the major research streams on university entrepreneurship. In the literature concerning entrepreneurial activity, several factors are pointed out as relevant to the E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ DINÂMIA'CET -IUL, Centro de Estudos sobre a Mudança Socioeconómica e o Território ISCTE-IUL -Av. das Forças Armadas, 1649-026 Lisboa, PORTUGAL Tel. 210464031 -Extensão 293100 E-mail: dinamia@iscte.pt www.dinamiacet.iscte.pt 4 creation of spin-offs (Asterbo and Bazzazian, 2011; Djokovic and Souitaris, 2008; Gilsing et al., 2010; O´Shea et al., 2008; Rothaermel el al., 2007) .
Considering the different levels of spin-off activity, the following factors are highlighted : (1) the founder's personal characteristics, namely motivation, career experience and faculty networking (Clarysse et al., 2011; Karlsson and Wigren, 2012; Landry et al., 2006) ; (2) the universities' characteristics, such as faculty quality and high quality of research (Di Gregorio and Shane, 2003; van Looy et al., 2011; Wright et al., 2008) ; (3) the broader social context of the university resources, i.e. entrepreneurial orientation/climate that support commercialization activity, namely technology transfer infrastructure, e.g. TTO and incubators (Lockett and Wright, 2005; O´Shea et al., 2005; Powers and McDougall, 2005) ; (4) the nature and type of technology, namely their pervasiveness, novelty and intellectual property protection (Conceição et al., 2012; Gilsing et al., 2010; Shane, 2001) ;and (5) the external characteristics, i.e. the regional infrastructures that impact on spin-off activity, such as venture capital availability, knowledge infrastructures and industry structure (Audretsch et al., 2005; Stam, 2010; Woodward et al., 2006) .
In this paper we will address this issue from a regional perspective, investigating the determinants of the variation in RBSO creation across regions. Using an unique self-collected set of data, we analyze the impact of factors related to the characteristics of the existing universities in the region -as a source of knowledge spillovers and supplier of resources -as well as other regional characteristics, in the intensity of RBSO creation in a given region.
This issue is rarely addressed in the empirical literature. In most empirical studies carried out, research is conducted primarily in the perspective of the parent organization, i.e. the determinants of variation in spin-off creation across universities are analyzed as a measure of success of its marketing strategy of technological knowledge (e.g. Algieri et al., 2013; Avnimelech and Feldman, 2011; Di Gregorio and Shane, 2003; Landry et al., 2006; O´Shea et al., 2005) .
But studies that analyze the determinants of variation in spin-off creation across regions are scarce (Buenstorf and Geissler, 2011; Egeln et al., 2004; Heblich and Slavtchev, 2013) . Buenstorf and Geissler (2011) conclude that the geography of a high-technology industry -the laser industry -was shaped by the local availability of potential entrants and urbanization economies, in particular research spin-offs, rather than by localization economies. Egeln et al. (2004) conclude that regional demand is the most important determinant of spin-offs' location E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ DINÂMIA'CET -IUL, Centro de Estudos sobre a Mudança Socioeconómica e o Território ISCTE-IUL -Av. das Forças Armadas, 1649-026 Lisboa, PORTUGAL Tel. 210464031 -Extensão 293100 E-mail: dinamia@iscte.pt www.dinamiacet.iscte.pt 5 decision. In their study, they find that a significant fraction of public research spin-offs locate rather distant from their parent institution, in order to facilitate cooperation with clients or other partners. These authors assess the impact of regional factors in spin-offs' location decisions, but they do not include the characteristics of the universities installed in the region in their analysis.
They only take in consideration the availability of qualified human capital (namely graduates). Heblich and Slavtchev (2013) investigate the importance of universities in the location of academic start-ups. They find that only the parent university influences academic entrepreneurs' decisions to stay in the region, while other universities in the same region play no role.
However, they do not consider the impact of more generic regional characteristics in their analysis; they simply include regional dummies in their model. This study goes beyond prior research by considering both the impact of the characteristics of the universities and the region in the location decision, and combining them in the analysis of the intensity of research spin-off creation across regions.
Moreover, this study uses a larger and more comprehensive dataset than previous ones, which corresponds to the population of Portuguese academic spin-offs created between 1979 and 2007.
In the following section we review the extant literature on determinants of spin-off creation and put forward a number of hypotheses to be tested. In Section 3 we describe the data collection and provide a brief characterization of the population of spin-off firms created in Portugal. In Section 4 we describe the methodology and the empirical model. The results are discussed in Section 5. Finally in Section 6 we conclude and consider some policy implications.
DETERMINANTS IN RBSO CREATION
RBSO, given their technological and academic basis, combine both the traditional problems associated with the start-up of a new business and the difficulties associated with the development and commercialization of new technologies (Oakey et al., 1996; Vohora et al, 2004 ). In the process of RBSO creation, access to key resources is crucial, namely technical knowledge, specialized human capital, financial resources, physical assets, e.g. laboratories, and organizational support (Knockaert et al., 2010; Lockett and Wright, 2005; Mustar et al., 2006; Wright et al., 2012) . Thus the presence of these resources becomes decisive in the location of the new company. Egeln et al. (2004) describe the spin-off decision of where to locate in order to succeed in the actual creation of the company as an optimization problem. E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ The literature emphasizes that, in the specific case of RBSOs, the location depends on the assessment made of traditional regional mechanisms i.e. if the regions in which the new spinoffs operate provide these resources; but it also depends on the existence of university level support mechanisms. In fact the resources made available by universities can be complementary or even substitutes for resources at local level, in particular access to academic incubators, university venture funds and specialized human capital through their students and graduates (Fini et al., 2011) .
Several studies mention that RBSOs tend to be clustered around the parent institution, as a firm strategy to access knowledge spillovers (Asterbo and Bazzazian, 2011; Egeln et al., 2004; Shane, 2004) . Several authors suggest that being in the vicinity of a university provides important cost advantages. In particular, the spatial proximity to the university facilitates research collaboration and favors the flow of tacit knowledge. In addition, by keeping a formal relation with their parent university, spin-offs can minimize investment in fixed capital as they can make use of the infrastructures of the parent, as well as benefit from its reputation/credibility. On the other hand, by staying in the parent region, it will be easier for the spin-off founders to mobilize their social capital, which may be a crucial source for the successful start of a new firm (Audretsch and Stephan, 1996; Druilhe and Garnsey, 2003; Fontes, 2005; Heblich and Slavtchev, 2013; Lejpras and Stephan, 2011; Zucker et al., 1998) .
In fact, it has been observed that the number and characteristics of the universities in the region leads to an increase in the number of spin-offs created, highlighting the role of universities as anchors of regional development (Audretsch and Feldman, 1996; 2004; Casper, 2013) .
Regarding the characteristics of universities, several empirical studies demonstrate the positive impact of University's reputation and prestige on the number of spin-offs created (Avnimelech and Feldman, 2011; Link and Scott, 2005; O´Shea et al., 2005; Powers and McDougall, 2005; Wright et al., 2008) . Di Gregorio and Shane (2003) using a sample of the start-up activity of 101 U.S. universities demonstrate a positive relation between spin-off creation and intellectual eminence/faculty quality. According to van Looy et al. (2011) the academics from top universities may have easier access to resources for spin-off creation due to reputation effects. Colombo et al. (2010) also consider that the characteristics of the local universities, such as the size of the university research staff and the quality of university research, influence RBSO's growth potential. The results show that the university's reputation and prestige as well as the university's policies toward technology transfer, in particular policies for making equity E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ Considering the disciplinary area of research, O´Shea et al. (2005) conclude that a strong science and engineering funding base with an orientation in life science, chemistry and computer science disciplines have a positive impact on the number of spinoff companies generated by a university. According to Audrestch et al. (2004) location is more important in the natural sciences, reflecting the specialized nature of scientific knowledge.
Finally, the broader social context of the university resources includes both institutional norms that maximize an entrepreneurial culture in the academic context 2 , and mechanisms and infrastructures that support the technology transfer and commercialization activity. The literature emphasizes that the university policies toward technology transfer are decisive to increase the creation new firms (Di Gregorio and Shane, 2003; Friedman and Silberman, 2003; Lockett and Wright, 2005; Lockett et al., 2003; O´Shea et al., 2005) . These policies include equity investments, the royalty regime of the university, funding, expenditure on intellectual property protection, specialized competences to support technology transfer and entrepreneurship and infrastructures such as incubators and science parks.
In fact the existence of a technology transfer office (TTOs) and the quality of its staff are considered crucial in the process of creating a RBSO 3 . Several studies highlight that the number of spin-offs created is positively influenced by the experience/age of the TTOs, their previous success in technology transfer, their financial resources and full-time specialized employees (Algieri et al., 2013; Belenzon and Schankerman, 2009; O´Shea et al., 2005; Powers and McDougall, 2005) .
The universities' support to technology transfer is also reflected in the existence of infrastructures such as university-affiliated incubator and university research parks; these commercial resources are considered essential in the process of RBSO creation (O´Shea et al., 2005) .
The business development capabilities of the TTOs and incubators make it possible to support spin-offs in the early stages, both in terms of opportunity recognition and in defining the E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ DINÂMIA'CET -IUL, Centro de Estudos sobre a Mudança Socioeconómica e o Território ISCTE-IUL -Av. das Forças Armadas, 1649-026 Lisboa, PORTUGAL Tel. 210464031 -Extensão 293100 E-mail: dinamia@iscte.pt www.dinamiacet.iscte.pt 8 suitable business model, thus minimizing the frequent lack of business competences of academic entrepreneurs and enhancing the success of the spin-off (Clarysse and Moray, 2004; Heirman and Clarysse, 2004; Lockett and Wright, 2005; Mustar et al., 2006; Vohora et al., 2004 ).
The literature concludes that the creation of spin-offs often takes place in the context of an incubator, and that they are often inserted into a university-affiliated incubator during the initial development stages. This incubation supports spin-offs development, not only in terms of strategic management and business orientation and of access to knowledge that is essential for completing the development of technologies or products, but also in what concerns access to physical facilities, particularly laboratories and administrative staff (Colombo and Delmastro, 2002; Lofsten and Lindelof, 2005; Mian, 1996; Wright et al., 2007) . According to Salvador (2011) , who analyzed the relationship between RBSOs and science parks/incubators, the main advantages perceived by the firms interviewed, concern the access to managerial competence; the availability of a variety of services, as well as a lower rent. In addition, several firms also pointed-out the increased visibility as an advantage. In this regard, the author stresses the importance of location in the science park or incubator as a mechanism of reputation, similar to the one offered by the parent research organization.
In the specific case of science parks, Link and Scott (2005) consider that the creation of RBSO included in science parks is positively influenced by the research park characteristics, such as the age of the park, the geographical proximity of the park to the university; and by the sector/area in which the park specializes (in cases where it is the same as the company, e.g.
biotechnology focus).
In view of this evidence, we argue that the universities' characteristics matter to the intensity of RBSO creation in a given region and we advance the following hypotheses: Although the assessment of opportunities of access to spillovers and other advantages derived from locating in the vicinity of universities is a key element in decision-making about location, the RBSOs created must still assess the regional characteristics, i.e. the resources available in a given region.
The joint consideration of the conditions found in the university and at regional level may lead to the RBSO deciding to locate in a region distinct from its parent. This happens when the spinoff feels the need to engage in technological cooperation with other knowledge sources, besides the parent organization; and when it needs to access resources that are scarce in that region, such as highly qualified labor or supplier networks (Egeln et al. 2004 ). On the other hand, the spin-off may decide to stay in the region of its parent organization for reasons not related to the parent, as for example the fact that entrepreneurs reside in that region and have built social networks that allow access to resources needed for creating the company (Casper, 2013; Fontes, 2005; Stam, 2010) .
In this sense, several studies show that different factors associated to regional characteristics are also considered crucial for the location of the new knowledge and high-technology firms (Audretsch and Feldman, 2004; Audretsch et al., 2005; Baptista and Mendonça, 2010; Buenstorf and Geissler, 2011; Woodward et al., 2006) . Thus, regional characteristics assume a leading role in the location of RBSOs at the time of their creation.
One of the relevant regional factors in location decision of knowledge-based and hightechnology firms are the agglomeration or external economies, i.e. positive externalities resulting from co-location. Several studies refer that an high density of high-technology firms attracts companies to that research intensive region, allowing them access knowledge spillovers 4 (Armington and Acs, 2002; Audretsch et al., 2005; Friedman and Silberman, 2003; Lach and Schankerman, 2008) .
On the other hand, several studies highlight the importance of the availability of venture capital financing and of qualified human capital in the region. Access to financial assets is crucial to the creation of spin-offs, particularly the availability of venture capital, due to its greater propensity to finance hog-risk start-ups 5 (Di Gregorio and Shane, 2003; Landry et al., 2006;  Powers and E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ (Armington and Acs, 2002; Figueiredo et al., 2002) . In the specific case of knowledgebased firms, access to specialized and qualified labor is indeed an essential resource, so its existence directly influences location decisions (Audretsch et al., 2005; Evila et al., 2011¸ Kim et al., 2012 Woodward et al., 2006) .
Another feature of the region considered relevant in the choice of location for these companies is the regional demand size. In fact, the larger the market the bigger its "power" to attract startups (Baptista and Mendonça, 2010) . This suggests that urban areas can be particularly favorable locations, given the high population density and thus the relative ease of access to customers (consumer demand) (Buenstorf and Geissler, 2011; Stam, 2010) . Urban areas are also more likely to offer the inputs required for the firm's operation: capital, labor, suppliers.
The literature confirms this idea. According to Figueiredo et al. (2002) the regional concentration of companies is also explained by the need of start-ups to be located in metropolitan areas and urban centers that are characterized by extensive resources, concentration of higher education institutions, technological research facilities and a wide range of market opportunities. Subsequent studies confirm that this proximity to urban centers is a crucial factor for the science-based firms (Baptista and Mendonça, 2010; van Geenhuizen, 2008; Woodward et al., 2006) . Therefore, considering that regional characteristics do matter with regard to the intensity of RBSO creation in a given region, we advance the following hypotheses: resources do not determine the location at regional level, and so are not considered in our analysis -we only consider factors that may affect differences in RBSO creation across regions. E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ 
CREATION OF RBSOS IN PORTUGAL
This study uses the population of Portuguese RBSOs created between 1979 and 2007. In order to identify this population we started by collecting publicly available information on the spinouts from universities and other public research organisations. In the case of organisations that did not have that information available, or where only the more recent spin-offs were listed, we contacted the university and/or its TTOs or incubators, asking for the required data. This was a lengthy process, but it proved to be important, because it enabled us to identify all the spin-off firms created (to the best of our knowledge) and to check the data available on them.
The next step was to confirm whether all the spin-offs identified had been through the process of legal constitution and when this had exactly taken place. This was because spin-off firms tend to make their legal registration only when they actually have prospects of business or commercialization of the technology (EC, 2003) . For this purpose we resorted to the Institute of Registration and Notary Affairs (IRN -Ministry of Justice) database.
As a result of this search we ended-up identifying a total of 327 spin-off research firms legally set up until the end of 2007. For all these firms, we collected information on the year of creation, location, sector of activity, number of employees at founding date and parent organization.
This gathering of information was carried out by phases. We began by accessing the data published by the firms themselves in their annual reports and websites (official pages). For more specific information we asked the firms by e-mail and later, when necessary, we contacted them by phone. The vast majority of the RBSOs (78.9%) originate from the seven largest and most prestigious Portuguese public universities6, or from research organizations associated to them. The remaining RBSOs originate from other public universities and public research laboratories, although there are also some private universities and a couple of polytechnic institutions among the parent organizations (Figure 3 ). This is in line with the literature; in fact the spin-offs tend to originate from a small number of eminent universities. The large, world-class scientific universities and prestige public research organizations, which are focused on a specific sector 6 These seven universities represent the only Portuguese universities included in the Top 500 academic rating score of universities published in the Webometrics Ranking of World Universities. 
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ISCTE-IUL -Av. das Forças Armadas, 1649-026 Lisboa, PORTUGAL Tel. 210464031 -Extensão 293100 E-mail: dinamia@iscte.pt www.dinamiacet.iscte.pt 14 tend to generate more RBSOs than the "small" universities without a strong research specialty (Di Gregorio and Shane, 2003; Mustar el al., 2008; Rasmussen and Borch, 2010) .
Ilustração2Figure

-Number of Portuguese RBSO by parent organization
Source: Own calculations.
Location standards of the RBSOs created
Concerning the location, Portuguese RBSO firms tend to be located in the main cities or in their metropolitan areas. The Portuguese mainland is divided into eighteen districts 7 and 308 municipalities; in fact we only recorded RBSO creation in just 53 municipalities. It should be noted that over the period observed only 27 spin-offs (8.26%) changed their starting location.
As can be seen in Figure 4 , the RBSOs created are mostly concentrated in the largest cities of the coast and spin-off creation in municipalities of the interior of the country is residual. In fact, all of the spin-offs created, 52%, are located in municipalities belonging to the districts of Lisbon and Porto (30.28% and 21.71%, respectively) followed by the districts of Coimbra (15.29%), Braga (11.62%) and Aveiro (5.81%) (see also Table 1 ).
In Portugal, 79% of RBSOs, i.e. 258 firms, are located less than 25 km from parent, which is in Of these 100 companies, 38.76% were actually located in the parent's premises on the date of creation (0 km distance). And 77% of Portuguese spin-offs (i.e. 253 firms) were effectively integrated in a university-affiliated incubator on the date of creation. 1 Others relate to 8 Districts with less than 10 spin-offs firms. Source: Own calculations. 
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Tabela1Table
-Distribution of Portuguese RBSO
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-Spatial distribution of Portuguese RBSO per municipalities (1979 -2007)
Note: Each dot = 1 spin-off firm. Source: Own calculations.
Considering the districts with the largest number of spin-offs, the sectorial distribution is quite similar ( Figure 5 ). In the districts of Lisbon and Porto most companies focus on two sectors: software and multimedia activities (41% and 39%, respectively) and biotechnology and biochemistry (22% and 21%, respectively). With respect to the remaining sectors, they are distributed evenly in district of Porto (about 10% each). In the case of the district of Lisbon the sector of energy and environment have a residual value (representing 0.3%). 
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The "leadership" trend of the software and multimedia sector remains in the districts of Coimbra, Braga and Aveiro (48%, 47% and 32% respectively). In the district of Braga second place goes to the electronics and instrumentation sector with 21% while in the districts of Coimbra and Aveiro the remaining sectors have very similar weights (about 15%), with the exception of the energy and environment sector, also with a residual value (0% and 0.5% respectively). Among the districts with the lowest number of companies, the weight of the biotechnology and biochemistry sector in the district of Faro (45%) stands out.
EMPIRICAL ANALYSIS
Data and empiricalmodel
Data
The analysis focuses on the 327 Portuguese research-based spin-offs legally set up until the end of 2007, identified through the various stages of data collection described in section 3.
Each RBSO created was assigned to the respective Portuguese municipality (concelho). The information concerning the characteristics of the universities, and the characteristics of the region was also collected at the level of municipalities -our regional unit of analysis.
As mentioned in section 3 (Figure 4 ) the creation of RBSOs in Portugal is concentrated in just 53 municipalities. In fact, we noted 255 municipalities where RBSO creation never occurred, over these 13 years. Since the object of this paper is to analyze the determinants of the intensity of creating RBSOs in a given location and considering the specifics of this event, we will restrict our analysis to the municipalities where the event under analysis actually took place. 
Empirical model
Our aim is to investigate the intensity of spin-offs that are created across regions, by focusing on the characteristics of the university and the region in which in the spin-off is located. Thus, our reduced form model is: (1) where, RBSO jt denotes the entry of spin-off firms in region iat time period t, U it is a vector of university characteristics, and R it , is a vector of region-specific characteristics that vary across region and time.
The dependent variable used is a count of the number of RBSO created in each year in each region (municipality). The preponderance of zeros, the small values and the discrete nature of the dependent variable (Table 2) suggest that we could improve the linear model with a specification that accounts for these characteristics (Cameron and Trivedi, 1998; Faria et al., 2003) . 
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In order to test our hypotheses we use as predictors variables the measures for universities' characteristics and regional characteristics at municipality level. The respective descriptive statistics are presented in Table 3 .
Regarding the universities' characteristics we included in our regression the variables Universities Number, Top Universities, Tech Universities and Incubators.
Concerning the existence of universities and their intensity in the region, we included the variable Universities Number; which is the number of private and public universities and polytechnics per municipality (Baptista and Mendonça (2010) . For Top Universities we examined the overall academic rating score of universities published in the Webometrics Ranking of World Universities and built a dummy variable that equals 1if there is at least one university among the Top 500 located in the municipality, and zero otherwise. In Portugal these are Nova University of Lisbon, Technical University of Lisbon, University of Aveiro, University of Coimbra, University of Lisbon, University of Minho and University of Porto.
Concerning the disciplinary research area of the universities, we include in Tech Universities a dummy variable that equals 1 if there are, in the municipality, universities with technological focus, and zero otherwise. Concerning the characteristics of the region, to measure the agglomeration economies we included the variable High-tech, which controls the potential for spillovers and is measured by the ratio of the number of firms in high-technology industries by the total number of firms per municipality (Baptista and Mendonça 2010). Following Eurostat, high-technology industries included high-tech and medium-high manufacturing firms and, also, knowledge intensive services (KIS).
Regarding the availability of Human capital, we took into account the level of qualified human capital available in the region, measured by the ratio of the number of employees with high school education, or higher, to the total number of employees in the municipality. 
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We also included a measure for Demand Size; following Baptista and Mendonça (2010), we used as a proxy of regional demand size the logarithm of total population per square meter. 8 Finally in order to measure the urban accessibility, we included two variables (Figueiredo et al., 2002, Baptista and Mendonça, 2010 ). For measuring the major urban accessibility, i.e, access to largest markets, we considered the distances in kilometers (km) to the two major urban areas of Portugal (Lisbon and Porto). Regarding minor urban accessibility, i.e., access to regional markets, we measured the distance in km from each municipality to the corresponding district's administrative center.
As additional controls we included the covariate Years dummies to account for annual variations in spin-off activity. We also included Regional dummies in order to control regional differences, namely dummies for the Districts (Lisbon, Porto and others) and additional dummies for the NUT 2 regions (North, Centre, Lisbon, Alentejo, Algarve) (Baptista and Mendonça, 2010). Notes: All variables are defined at municipality level unless otherwise stated. 
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In Table 4we present the correlation matrix. Correlation analysis indicates medium to low levels of correlations. The highest correlation was between the Universities Number and Top Universities (0.62), suggesting that multi-collinearity was absent. Note: **, * means significant at 1% and 5% level, respectively.
Method
Given the discrete nature of our data, i.e., the number of spin-off firms created in a given region, we employed count data regression analysis.
The starting point for count data regression is the Poisson model (Hausman et al., 1984) , where the univariate Poisson distribution for the number of occurrences of the event y over a fixed exposure period has the probability function This equidispersion assumption is violated when overdispersion (underdispersion) of the data is observed, i.e, the variance exceeds (is less than) the mean. Among the reasons that may lead to the violation of this assumption are the unobserved heterogeneity and a high frequency of zeros in the data (Cameron and Trivedi, 1998) .
The negative binomial model (NB) provides a solution for the unobserved heterogeneity by incorporating an unobserved specific effect α. The NB probability distribution of Y is Considering longitudinal count data regression models, Cameron and Trivedi (1998) given by
RESULTS
In order to investigate the determinants of the intensity of RBSOs creation across regions we employed a count data regression analysis for a span year of 13 periods compiled for this study.
Assuming unobserved heterogeneity is randomly distributed across municipalities we rely on a random effect model (Baptista and Mendonça, 2010; Hausman et al., 1984) . In fact, the high variability in the number of spin-offs creation across municipalities excludes a fixed effects model. Regarding regional differences we decided to add to the initial model (Model 1) regional dummies corresponding to Model 2.
Concerning count models for longitudinal data we first run Poisson regression models and then compare them with negative binomial models. In fact, in our data the sample variance is higher than the sample mean (see Table 2 .2), i.e., the equidispersion Poisson distribution assumption is rejected because of overdispersion of dependent variable.
The likelihood-ratio test on the hypothesis that the overdispersion parameter alpha is equal to 0 presents a p-value of 0.000 in Model 1 and a p-value of 0.077 in Model 2 and thus we find alpha E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ (Cameron and Trivedi, 1998) .
Given the presence of considerable overdispersion in our data, the negative binomial model should be considered (Table 5) . Considering Model 1 and regarding the characteristics of the universities, our results reveal that the total number of public and private universities in a municipality (Universities Number) has no impact in the intensity of spin-off creation, hence Hypothesis 1a is not supported. In fact it seems that it is not the quantity of universities but their quality and reputation that positively E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ DINÂMIA'CET -IUL, Centro de Estudos sobre a Mudança Socioeconómica e o Território ISCTE-IUL -Av. das Forças Armadas, 1649-026 Lisboa, PORTUGAL Tel. 210464031 -Extensão 293100 E-mail: dinamia@iscte.pt www.dinamiacet.iscte.pt 26 influence the spin-off creation activity in a given region, The existence of universities of recognized quality and prestige (Top Universities) has a positive impact on spin-off creation, therefore providing support to Hypothesis 1b. This result is in line with previous evidence (e.g. Avnimelech and Feldman, 2011; Di Gregorio and Shane, 2003; O´Shea et al., 2005; van Looy et al., 2011) .
On the other hand, the existence in the municipality of universities with technological focus does not seem to be relevant in determining the intensity of the spin-off creation, as the coefficient of the dummy variable Universities Tech is not statistically relevant. Hence Hypothesis 1c is not supported by the data.
The presence of university-affiliated incubators and/or university research parks (Incubators) in the municipality does seem to be key in explaining the intensity of spin-off creation in that location. Results show that the existence of university incubators and/or university research parks in the municipality increases the spin-off activity, therefore providing support to our Hypothesis 1d. This result is consistent with previous evidence that has found a positive role of university infrastructures that support technology transfer and commercialization activity of spin-off creation (e.g. Colombo and Delmastro, 2002; Link and Scott, 2005; Salvador, 2011; Wright et al., 2007) . Interestingly, with regard to regional characteristics, we do not observe a significant relationship between agglomeration economies and intensity of spin-off creation, hence Hypothesis 2a is not supported. Indeed, results show that the density of firms in high-technology industries (Hightech) have no significant impact on the variation on spin-offs creation. This result is in line with the results of Buenstorf and Geissler (2011) in a similar study -the authors found no evidence that regions with existing industry agglomerations experienced higher rates of academic entrepreneurship.
Our results show that the availability of qualified human capital in the municipality (Human capital) increases significantly the intensity of spin-offs creation, therefore providing support to our Hypothesis 2b. Additionally, results also provide support for the positive influence of regional demand (Population density) on spin-off activity (Egeln et al., 2004) . Spin-offs are more likely to be created in municipalities with higher population density and thus relatively easier access to customers (Buenstorf and Geissler, 2011; Stam, 2010) . Thus, Hypothesis 2c is supported. E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ Finally, urban accessibility does not seem to have an impact on the intensity of spin-off creation. Thus Hypothesis 2d is not supported. This result seems to indicate that for spin-off firms the transportation cost does not matter for location decision. However, this result should be analyzed with special care, because the vast majority of our sample is actually located in the large Portuguese urban centers (52% in Lisbon and Porto). Baptista and Mendonça (2010) when analyzing the location of Portuguese knowledge-based start-ups also found some "puzzling" results concerning this variable.
In order to control for other regional differences in the response behavior, we decided to include regional dummies (Model 2). When we take into account these regional dummies, the estimates are similar with the exception, not surprisingly, of the variable Population density which is no longer significant (see Guimarães et al.(2000) for a similar effect).
CONCLUSIONS AND POLICY IMPLICATIONS
Reflecting the increasing number of research based spin-offs (RBSOs) created since the nineties, previous studies focus their analysis on the factors that influence university entrepreneurship. However, empirical studies that investigate the determinants of variation on RBSO creation across regions are scarce.
In this paper we approached this topic from a regional perspective, using a unique self-collected dataset that includes the population of RBSOs created in Portugal from 1979 until to 2007.
More specifically, we investigated the impact of factors related to the characteristics of existing universities in the region and of other regional characteristics, on the intensity of RBSO creation across regions.
Our results suggest that the quality and prestige of the universities located in a municipality is a crucial factor for the intensity of RBSO creation. In fact the presence of top universities has a positive impact on RBSO creation, while the number of universities or the existence of universities with technological focus in the municipality do not seem to be relevant in discriminating the spin-off activity across regions. On the other hand the results show an important effect of the presence of university-affiliated incubators and/or university research parks in the municipality on spin-off creation across regions.
Regarding the regional characteristics, the availability of qualified human capital and the regional demand size seem to exert an important effect on the intensity of spin-off creation. An interesting result that emerges from our data is the non-significance of the impact of proximity E En nt tr ry y b by y r re es se ea ar rc ch h--b ba as se ed d s sp pi in n--o of ff fs s: : t th he e d de et te er rm mi in na an nt ts s o of f r re eg gi io on na al l v va ar ri ia at ti io on n _ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ DINÂMIA'CET -IUL, Centro de Estudos sobre a Mudança Socioeconómica e o Território ISCTE-IUL -Av. das Forças Armadas, 1649-026 Lisboa, PORTUGAL Tel. 210464031 -Extensão 293100 E-mail: dinamia@iscte.pt www.dinamiacet.iscte.pt 28 to urban centers. The non-significance of this predictor variable suggests that transportation cost is not an issue for spin-off location decisions. A possible explanation could be the effective concentration of our sample in urban centers -most spin-off firms have distances from Porto or Lisbon close to zero. Another interesting result is with regard to the agglomeration economies.
In fact the high density of firms on high-technology industries in a municipality has no impact on variation of spin-off creation across regions. As such, there seems to be no differences between RBSOs and other start-ups regarding the industry agglomerations impact on their location (see Buenstorf and Geissler(2011) for a similar result).
In Portugal, it is clear that the regions with top universities are actually the ones with the best regional resources -more qualified human capital available and high population density -so it is natural that RBSOs show a high concentration in these regions.
Our results have several implications from a policy point of view. They point out the importance of the quality rather than the quantity of existing universities in the municipality in RBSO location, as well as the relevance of the educational level of human capital. Similarly, the importance of the existence of infrastructures to support the commercialization of technology is emphasized, namely incubators and science parks. All these factors point to the need for policies that put a greater focus on the quality of Portuguese universities, as well as on policies that support the innovation commercialization efforts made by individual universities.
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